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© Damping viscoelastic resin, damping adhesive and composite made of them and steel plates. 



© A viscoelastic resin usable for a damping material, adamping adhesive and a sandwich type damping steel 
plate constituted of steel plates and a viscoelastic resin layer sandwiched between the steel plates are disclosed. 
The viscoelastic resin is produced by reacting a diisocyanate, dicarboxylic acid or diamine with a base polymer 
selected from the group consisting of a polyester produced by reacting a dicarboxylic acid with a diol of the 
formula, 
CM HO - R - OH 

^ where R is an alkylene group which has at least one straight and/or branched alkyl side chain containing from 3 
q to 10 carbon atoms and of which the main chain connecting the two OH groups has from 3 to 12 carbon atoms 
O and a polyurethane produced by reacting said diol with a diisocyanate. 
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DAMPING VISCOELASTIC RESIN, ADHESIVE AND STEEL PLATE 

BACKGROUND OF THE INVENTION 



Field of the Invention 

5 

This invention relates to a viscoelastic resin for damping materials, an adhesive for damping materials 
and a damping steel plate. 



70 Description of the Prior Art 

In the present situation that the development of a machine civilization including motorization accelerates 
noise more and more, it is highly demanded to prevent noise. Meeting such a demand, damping steel 
plates constituted of steel plates and an intermediate layer having an oscillation attenuating function 

75 sandwiched therebetween have been recently being developed. For example, a steel plate constituted of 
two sheets of a thin steel plate (not thicker than 1 mm.) and a thin (for example, about 0.1 mm - 0.6 mm) 
viscoelastic material layer such as plastics sandwiched between the thin steel plate can rapidly convert an 
oscillation energy applied thereto to a thermal energy by shearing deformation of the viscoelastic material 
layer and thereby oscillation can be effectively dissipated. 

20 The damping steel plates are widely used for vibrating bodies such as motors, blowers and the like, 
construction materials such as stairs, doors, shutters, floors and the like, and motorcar parts such as engine 
covers, oil pans and the tike. 

Heretofore, as a viscoelastic material constituting an intermediate layer for damping steel plates, there 
are known monomers such as vinyl acetate, vinyl chloride and the like, copolymers such as vinyl acetate- 

25 ethylene copolymers, vinyl acetate-ethylene-acrylic acid copolymers, isocyanate prepolymer-vinyl monomer 
copolymers and the like, modified polyethylene, modified polypropylene, epoxy resins, urethane-modified 
epoxy resins and the like. Japanese Patent Application Laid-open No. 48321/1988 discloses a viscoleastic 
resin for damping materials produced by reacting polyester diols, aliphatic polyesters and diisocyanates 
and further reacting the reaction product with neopentyl glycol. 

30 However, when damping steel plates using such viscoelastic materials are employed, the damping ability 
can be exhibited only at a particularly narrow range of temperature, and when it is attempted to enhance 
the damping ability, the heat resistance is lowered. Further, the adhesivity of the viscoelastic material to 
metals is so low that another particular adhesive is necessary, and there are other various problems. 

In general, it is said that, for purposes of exhibiting a stable damping ability, damping plates necessitate 

35 a vibration energy loss function fr) of 0.03 or more, preferably 0.05 or more as determined by a mechanical 
impedance method. 

The present invention has been made in view of such an actual situation. 



40 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a viscoelastic resin for damping materials, exhibiting 
excellent damping ability over a wide range of temperature. 

It is another object of the present invention to provide a viscoelastic resin for damping material, 
45 exhibiting a high heat resistance. 

It is a further object of the present invention to provide an adhesive for damping materials exhibiting 
excellent adhesivity to the base material, for example, steel and excellent damping ability. 

It is still another object of the present invention to provide an adhesive for damping materials of 
excellent heat resistance. 

so It is still a further object of the present invention to provide an adhesive for damping materials exhibiting 
excellent damping ability over a wide range of temperature. 

it is still another object of the present invention to provide a damping steel plate exhibiting excellent 
damping ability over a wide range of temperature. 

It is still a further object of the present invention to provide a damping steel plate exhibiting excellent 
heat resistance. 
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According to one aspect of the present invention, there is provided a viscoeiastic resin for a damping 
material produced by reacting a diisocyanate, dicarboxylic acid or diamine with a base polymer selected 
from the group consisting of a polyester produced by reacting a dicarboxylic acid with a diol of the formula, 
HO - R - OH 

5 where R is an alkylene group which has at least one straight and/or branched alkyl side chain containing 

from 3 to 10 carbon atoms and of which the main chain connecting the two OH groups has from 3 to 12 

carbon atoms and a polyurethane produced by reacting said diol with a diisocyanate. 

According to another aspect of the present invention, there is provided a damping adhesive which 

comprises a mixture of a member selected from the group consisting of diisocyanates, dicarboxylic acids 
w and diamines and a base polymer selected from the group consisting of a polyester produced by reacting a 

dicarboxylic acid with a diol of the formula, 

HO - R - OH 

where R is an alkylene group which has at least one straight and/or branched alkyl side chain containing 
from 3 to 10 carbon atoms and of which the main chain connecting the two OH groups has from 3 to 12 
75 carbon atoms and a polyurethane produced by reacting said diol with a diisocyanate, or a reaction product 
thereof. 

According to a further aspect of the present invention, there is provided a damping steel plate which 
comprises steel plates and a layer of a viscoeiastic resin for a damping material or an adhesive layer 
produced by reacting a diisocyanate, dicarboxylic acid or diamine with a base polymer selected from the 
20 .group consisting of a polyester produced by reacting a dicarboxylic acid with a diol of the formula, 
HO - R - OH 

where R is an alkylene group which has at least one straight and/or branched alkyl side chain containing 
from 3 to 10 carbon atoms and of which the main chain connecting the two OH groups has from 3 to 12 
carbon atoms and a polyurethane produced by reacting said diol with a diisocyanate, and the layer 
25 intervening between the steel plates. 

BRIEF DESCRIPTION OF THE DRAWING " & 

30 FIG. 1 represents the relationship between loss function and temperature as shown in- the working ■?- 
examples and comparative examples, "a" - "e" are shown in Table 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENT - ; 

35 The polyester produced by reacting diol with a dicarboxylic acid as a base polymer of the present S 
invention has preferably a molecular weight ranging from 500 to 50,000. By adjusting the molar ratio of diol |r- 
to dicarboxylic acid, it is possible to prepare a base polymer having OH group or COOH group as the end 
groups or a base polymer having both OH and COOH groups as the end groups. Each of them can be used 
in the present invention as the base polymer. 

40 The polyurethane produced by reacting a diol with a diisocyanate as a base polymer has preferably a 
molecular weight ranging from 500 to 50,000. By controlling the molar ratio of diol to diisocyanate, a base 
polymer can be prepared which has NCO group or OH group, or both of them as the polymer end groups. 
According to the present invention, each of them can be used in the present invention. 

Viscoeiastic resins for damping materials of the present invention can be produced by reacting the base 

45 polymer with a dicarboxylic acid, diamine or diisocyanate. The amount of a dicarboxylic acid, diamine or 
diisocyanate is preferably equimolar to the end groups of" the base polymer, but the difference of 20 - 30 % 
does not matter. 

The damping adhesive of the present invention may be composed of a viscoeiastic resin for damping 
materials itself of the present invention and also may be a mixture of a viscoeiastic resin of the present 

so invention and a crossiinking type resin. Furthermore, the damping adhesive may comprise a mixture of a 
base polymer and a diisocyanate, a diamine or a dicarboxylic acid or a reaction product thereof. These 
materials may be formed into adhesives by usually adding a solvent, additive or the like. The damping steel 
plate of the present invention has a sandwich structure constituted of steel plates and a viscoeiastic resin or 
an adhesive of the present invention intervening therebetween subjected to heating and pressing. 

55 Dicarboxylic acids used in the present invention may be saturated aliphatic acids such as adipic acid, 
sebacic acid and the like, and unsaturated aliphatic acids such as maleic acid, phthalic acid and the like. 

Examplary suitable diisocyanates used in the present invention may be aliphatic diisocyanates such as 
pentanediisocyanate, hexanediisocyanate, dipropyl ether diisocyanate, and the like, aromatic diisocyanates 
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such as totylenediisocyanate, phenylenediisocyanate, diphenyldiisocyanate, diphenylmethane diisocyanate, 
xylenediisocyanate and the like, and alicyclic diisocyanates such as diisocyanatodimethyibenzol, 
diisocyanatomethylcyclohexane and the like. 

Diamines used in the present invention may be aliphatic diamines such as ethylenediamine, pro- 
5 pylenediamine and the like, and aromatic diamines such as phenylene diamine, 4,4 -diaminodiphehyisulfone 
and the like. 

Crosslinking type resins used in the present invention may be various polyisocyanates, various epoxy 
resins, polyamides, polyvinyl acetate, ethylene-vinyl acetate copolymer, polyvinyl formal, polyvinyl butyrai, 
polyamines, and polyamide amines. 
10 Exemplary suitable diols include: 

2-n-butyl-2-ethyl-1 , 3-propanediol 

{ 3 , 3-dimethylolheptane ) 

75 

CH 9 OH 

CH 3 CH 2 - C - CH 2 CH 2 CH 2 CH 3 
20 CH^OH 



2-propyl-2-methyl-1 , 3-propanediol 

25 

CH->OH 

I 

CH 3 - C - CH 2 CH 2 CH 3 



30 



CH 2 OH 



35 



2-ethyl-1 , 3-hexanediol 

i 2 3 

CH 3 CH 2 CH 2 -CH-CHCH 2 OH 

40 | 

OH 



45 



50 



55 
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2, 2 , 4-trimethyl-1 , 3-pentanediol 

OH ClU 

I I 3 

CH,CH-CH - C - CH^OH 

I I 
CH 3 CH 3 

2-n~butyl-2-methyi-1 , 6-hexanediol 

CH-3 
I 

HO-CH 2 - C - (CH 2 ) 4 OH 
C 4 H 9 

2-n-hexyl-2-ethyl-1 , 3-propanediol 

HOH 2 C - C - CH^-OH 
I 

C 6 H 13 

Diols having a main chain containing side chains such as CH 3 other than those defined in the present 
invention may be used as far as the diois satisfy the requirements of the invention and such side chains do 
not adversely affect the invention to such an extent that the invention is not usable. For example, even if the 
main chain has some alky! side chains containing 1 - 2 carbon atoms in addition to the side chain as 
defined in the present invention, the diol may be used within the scope of the present invention though said 
alkyl side chain does not contribute to the advantage of the present invention. 

The following examples are given for illustrating the present invention, e.g. the viscoelastic resin, 
adhesive and steel plate, but should not be construed as limiting the present invention. 

In the following examples, the adhesive strength of materials was measured by the methods as shown 
below. 

Thickness of adhesive layer: 40 - 60 urn 

Peel strength: Peeling strength (kg/cm) when peeling is effected at a speed of 50 mm/min. of a tensile 
tester according to T-type peeling test (JIS-K 6854) 

Peel strength after a heat resistance test: Peeling strength after a heat treatment at 100* C for 300 hours 
Shearing strength: Following JiS-K 6850 

The number average molecular weight was measured by an ester value measuring method (J IS K 
0070), and the loss function (tj) by a cantilever method with a sandwitched steel plate test piece of 10 mm 
X 260 mm at 0 - 140 * C at a frequency of 500 Hz. 



Example 1 

In a one liter flask were placed 200 g of 2-methyl-2-butyl-1 l 3-propanediol (hereinafter referred to as 
"DMH"), 146 g of adipic acid and 0.2 g of antimony trioxide as an esterifying catalyst, and an esterifying 
reaction was effected at atmospheric pressure at 195 -220* C for 6 hours in an atmosphere of nitrogen, and 
thereby 280 g of a polyester (p) having a number average molecular weight of 4000 was produced. 100 g of 
the resulting polyester (p) and 6.3 g of diphenylmethane diisocyanate (hereinafter referred to as "MDI") 
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were dissolved in a mixed solvent of 35 g of methyl ethyl ketone and 70 g of dimethylformamide to prepare 
an adhesive for damping. 

The adhesive thus prepared was applied to a surface of a steel plate of 0.4 mm thick, heated to remove 
the solvent, and the resulting adhesive layer was superposed on another steel plate of 0.4 mm thick. The 
5 resulting steel plate material constituted of two steel plates between which the adhesive was sandwiched 
was inserted to a hot press to thermally pressing at 160° C under a pressure of 10 kg/cm 2 for 60 min. and 
thereby a sandwich steel plate (a) usable as a damping steel plate was obtained. 

The adhesive strengths such as peel strength and shearing strength and loss function at various 
temperatures were measured, and the results are shown in Table 1 . 

10 

Example 2 

100 g of the polyester (p) used in Example 1 was placed in a one liter flask and 124 g of a mixed 
75 solvent of methyl ethyl ketone and dimethylformamide and 12.6 g of MDI were added thereto and heated 
with stirring at 60° C for 2 hours to effect the reaction. Further, 10.0 g of 4,4 -diaminodiphenylamine was 
mixed with the resulting reaction mixture and the reaction therebetween was conducted to* give a 
viscoelastic resin solution for damping materials (246.6 g). 

100 g of the resin solution was mixed with 15 g of an epoxy resin of epoxy equivalent of 200 to obtain 
20 an adhesive for damping. The resulting adhesive was used to fabricate a sandwich, steel plate (b) following 
the procedure of Example 1, and the adhesive strength and loss function were measured. The results are 
shown in Table 1 . 



25 Example 3 

Following the procedure of Example 1, an esterification reaction of 164 g. of 1 -propyl-2-ethy 1-1,3- 
propanediol, 146 g of adipic acid and 0.2 g of antimony trioxide was carried out to give 178 g of a polyester 
(q) having a number average molecular weight of 2000. 100 g of the polyester (q) and 120 g of MDI were 
30 dissolved in a mixed solvent of 35 g of methyl ethyl ketone and 70 g of dimethylformamide to prepare an 
adhesive for a dumping material. 

Following the procedure of Example 1, the resulting adhesive was used to produce a damping steel 
plate (c). The adhesive strength and loss function were measured, and the results are shown in Table 1 . 

35 



40 



45 



50 



55 



6 



BNSDOCID:<EP 0405300A2> 



EP 0 405 300 A2 



•§ o> £ 

CO c o 
CO ^ 



c 

CD 



CD 
CD 
Q_ 



CD 
^_ 

03 

O 
Cl 

E 
<d 



c 
.2 

"■4— ' 

o 

3 



CD 
CD 



CO 

x: 
O 



CO 
CD 

co 

CD CD 
-C O 

CD CO 

< c75 

CD 



CO 

c 

T3 



O 



o 



o 
o 



o 

CO 



o 

CO 



o 

o 



O ID CO CO o 
y~ C\J CO 05 i- 



co o in up cq 

N C5 CO t- 6 



CO CO CO CM ^ 
N CO CO CO f\i 



LD 

LO CD O O 

<r- y- -r- O O 

o o o o o 



CM 



CM 

CD CM 

o ^- o 
i- -r- o o 
o o o © o 



CD CO 

i- CD O O O 

CM O O 

o o o o o 



CD CO 

CM LO 

CD CO O O 

i- i- CM O O 

o o o o o 



CO •»- 
CM 

CO t- o o 

O t- o o 

© © o o o 



LO 

CM 



CD S 

o> _co 

CO Q. 



CO XI O "D CD 



y- CM 

_CD _0> 
CL Q. 

E E 

CO CO 
X X 
LU LU 

CD 
> 



CD 



t- CM CO ~ 

j) o) © 2 2 

a a a 5 S 

E E E p p 

CO CO co fc 

X X O O 

LU LU O O 



i2 



BNSDOCID: <EP 0405300A2> 



EP 0 405 300 A2 



Comparative Example 1 
5 : ~~ : rrr ~ ~~ 

Repeating the procedure of Example 1 except that 77 g of ethyleneglycol and 146 g. of adipic acid 
were polymerized, there was produced 190 g of a polyester (r) having a number average molecular weight 
of 2000. 

To 100 g of the polyester (r) was added 125 g of MDl, and further 125 g of a mixed solvent of methyl 
io ethyl ketone and dimethylformamide followed by mixing and stirring. The resulting mixture was applied to a 
steel plate of 0.4 mm thick and treated in the same manner described in Example 1 to produce a sandwich 
steel plate (d). The same measurement described in Example 1 was conducted and the result is shown in 
Table 1 . 

75 

Comparative Example 2 

Repeating the procedure of Example 1 except that a mixture of 71 g of 1 ,6-hexanediol and 62 g of 
neopentylglycol (molar ratio of 1 : 1) was polymerized with 146 g of adipic acid, substantially equimolar 
20 amount to the mixture, there was obtained 240 g of a polyester (s) having a number average molecular 
weight of 2000. 

To 100 g of the polyester (s) was added 25 g of MDl, and further 125 g of a mixed solvent of methyl 
ethyl ketone and dimethylformamide was added, mixed and stirred. Then, a reaction was carried out by 
heating at 60 ° C for two hours and 20 g of 4,4 -diaminodiphenylamine was added and stirred for additional 
25 one hour to produce 270 g of a urethane reaction liquid mass. The resulting liquid mixture of resin (100 g) 
was mixed with 11 g of an epoxy resin in the same way described in Example 2, and the resulting liquid 
mixture was applied to a steel plate of 0.4 mm thick and treated in the same way described in Example 1 to 
produce a sandwich steel plate (e). The result of measurement in the same way described in Example 1 is 
shown in Table 1 . 

30 The viscoelastic resin for a damping material or the adhesive of the present invention is a polymer 

having long alkyi side chains having 3-10 carbon atoms. The alkyl side chains cause intermolecular 
cohesion with difficulty and therefore, it is believed that the polymer possesses a high damping ability as 
compared with conventional resins. 

As are clear from Fig. 1, damping steel plates (a), (b) and (c) constituted of two steel plates and a layer 

35 composed of an adhesive of the present invention sandwiched therebetween exhibit a high loss function (^) 
over a wide range of temperature such as 20 - 140 ° C as compared with those (d) and (e) which are 
comparative examples. 

By comparing the Examples of the present invention with the Comparative Examples in Table 1 as to 
shearing strength and peel strength, it is clear that the adhesive strength of the adhesive according to the 
40 present invention is excellent. 

in addition, as are clear from Table 1, the viscoelastic resin for damping materials and adhesive 
according to the present invention exhibit high heat resistance. 

In view of the foregoing, it is clear that the viscoelastic resins for damping materials, adhesives, and 
steel plates of the present invention exhibit excellent damping ability over a wide range of temperature and, 
45 in addition, excellent adhesion property and high heat resistance. 



Claims 

so 1. A viscoelastic resin for a damping material produced by reacting a diisocyanate, dicarboxylic acid or 
diamine with a base polymer selected from the group consisting of a polyester produced by reacting a 
dicarboxylic acid with a diol of the formula, 
HO - R - OH 

where R is an alkyiene group which has at least one straight and/or branched alkyl side chain containing 
55 from 3 to 10 carbon atoms and of which the main chain connecting the two OH groups has from 3 to 12 
carbon atoms and a polyurethane produced by reacting said diol with a diisocyanate. 
2. The viscoelastic resin according to claim 1 in which the base polymer has a molecular weight of from 
500 to 50000. 

8 
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3. A damping adhesive which comprises a mixture of a member selected from the group consisting of 
diisocyanates, dicarboxylic acids and diamines and a base polymer selected from the group consisting of a 
polyester produced by reacting a dicarboxylic acid with a diol of the formula, 

HO - R - O 

5 where R is an alkylene group which has at least one straight and/or branched alkyl side chain containing 
from 3 to 10 carbon atoms and of which the main chain connecting the two OH groups has from 3 to 12 
carbon atoms and a polyurethane produced by reacting said diol with a diisocyanate, or a reaction product 
thereof. 

4. The adhesive according to claim 3 which comprises a mixture of the polyester and the diisocyanate. 

10 5. The adhesive according to claim 3 which comprises a mixture of a reaction product of the polyester and 
the diisocyanate and an epoxy resin. 

6. A damping steel plate which comprises steel plates and a layer of a viscoelastic resin for a damping 
material or an adhesive layer produced by reacting a diisocyanate, dicarboxylic acid or diamine with a base 
polymer selected from the group consisting of a polyester produced by reacting a dicarboxylic acid with a 
75 diol of the formula, 
HO - R - OH 

where R is an alkylene group which has at least one straight and/or branched alkyl side chain containing 
from 3 to 10 carbon atoms and of which the main chain connecting the two OH groups has from 3 to 12 
carbon atoms and a polyurethane produced by reacting said diol with a diisocyanate, and the layer 
20 intervening between the steel plates. 
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